Objective. The primary aim of this preliminary study was to compare the IVF results of couples living in rural and urban areas. Additionally, the ovarian reserve parameters, such as AMH concentrations, were compared for the same groups. Materials and method. The database of 1,265 women undergoing in vitro fertilization at the Invicta Fertility Center between May 2011-July 2012 were retrospectively analyzed. Women undergoing their first assisted reproductive technology cycle with ICSI, stimulated according to the long protocol, and whose AMH levels were measured using the same DSL kit, were selected. Ultimately, 651 women were included in the study. All participants were categorized based on the area where they live: rural areas, small towns (<100,000 inhabitants) and large cities (>100,000) Results. The mean age of the patients living in large cities was significantly higher in comparison to those from rural areas and small towns. A significantly higher pregnancy body mass index (BMI) was found in women from rural areas in comparison to the women living in small and large towns. Serum AMH and inhibin B concentrations, number of ampules of gonadotropins, and antral follicle count (AFC), did not differ significantly among the groups. The study showed no significant differences among the groups in terms of clinical pregnancy rate, both per started cycle and per embryo transfer. Conclusions. No significant differences were found in IVF outcomes among the groups inhabiting rural areas, small and large cities.
INTRODUCTION
A variety of factors may affect the success rate of IVF treatment, most of which have been widely discussed in published literature. The most important factors are maternal age and Antimüllerian hormone (AMH) level [1, 2] . The number and quality of the embryos available for transfer also play an essential role [1, 3, 4] . Different models predicting IVF success rate have been proposed, taking into account clinical and embryological data [5] [6] [7] . Additionally, various physical, occupational, behavioural and socio-economic factors affecting human fertility in men and women may also influence success of the IVF treatment [8] [9] [10] [11] [12] [13] . Obesity and smoking are thought to be some of the most critical among these factors [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . It has also been established that some drugs, heavy metals and solvents, may affect fertility [17] [18] [19] . However, there is relatively little data regarding IVF success depending on the type of area inhabited by the patient [20] [21] [22] [23] . Thus, the primary aim of this preliminary study was to compare the IVF results among couples living in rural and urban areas. Additionally, the ovarian reserve parameters, such as AMH concentrations among the above mentioned groups, were compared.
MATERIALS AND METHOD
The database of 1,265 women undergoing in vitro fertilization at the Invicta Fertility Center between May 2011 -July 2012 were retrospectively analyzed. The inclusion criteria were as follows: a) women who chose the ICSI fertilization procedure; b) women undergoing their first IVF treatment; c) women whose AMH measurements were performed with the same DSL kit; d) only those who had stimulation according to the long protocol.
Exclusion criteria included women who: a) had previously undergone IVF procedure; b) had participated in an oocyte/sperm donor programme; c) had preimplantation genetic screening (PGS) or preimplantation genetic diagnosis (PGD) performed.
Ultimately, 651 women were included into the study. Women were categorized according to their inhabitation area based on the following criteria [24] : 1. rural areas; 2. small towns (<100,000 inhabitants); 3. large cities (>100,000 inhabitants).
The study protocol was approved by the institutional review board of the Medical University in Gdańsk, Poland (KB 16/14) .
Statistical analysis was performed using Statistica 10.0 software. The normality of distribution of data was tested using Shapiro-Wilk test. Categorical data were presented as means (+/-standard deviation) or medians (25- 
RESULTS
The baseline characteristics of the study population are shown in Table 1 .
The mean age of the patients in the large cities group was significantly higher in comparison to the other two groups. There were no significant age differences between women inhabiting rural areas and small towns. The youngest woman included in the study lived in a town with <100,000 inhabitants (small town) and was 22 years old, and the oldest lived in a city with >100,000 inhabitants (large city) and was 51 years old. The mean duration of infertility was 4 years and did not differ significantly among the groups.
The lowest body mass index (BMI) was recorded in the group of women living in large cities. The highest BMI was in the rural area group. The mean BMI differed significantly among groups.
No significant differences were found with respect to serum AMH and inhibin B concentrations, number of ampules of gonadotropins, and antral follicle count (AFC).
The doses of follicle-stimulating hormone used for ovarian induction per cycle, the number of days of stimulation, the number of cumulus complexes, metaphase II oocytes, fertilization rate, and number of transferred embryos, also showed no statistically significant differences. Additionally, no significant differences were found between groups with respect to clinical pregnancy rate both per started cycle as well as per embryotransfer. The highest clinical pregnancy rate was found in the group of women living in large cities. However, the same group had also the highest miscarriage rate. There were no significant differences in respect to basal hormone concentrations between groups (Tab. 2). No significant differences were found among all three groups with respect to the causes of infertility (Tab. 3). Male factor was the most common cause of infertility across all three groups. 
DISCUSSION
It has been proved that the success of in vitro fertilization treatment is related to occupational, chemical and lifestyle factors [7] [8] [9] . It has also been shown that the infertility rate among couples living in polluted areas is higher in comparison to those living in unpolluted ones. There are studies presenting different statistics with regard to the incidents of infertility for different countries or regions [10] . Additionally it has been shown that access to assisted reproductive techniques (ART) varies in different countries [25, 26] . In the opinion of the authors of this study, all those factors could also have a great impact on the number of couples from both rural and urban areas who participate in IVF treatment. The current study included only women who had first IVF-ICSI treatment and had their AMH level measured using the same DSL kit. The vast majority of cycles were performed using the ICSI technique, and such cycles were included into the study. In order to make the obtained data more homogenous, women who had PGS/PGD and those who used donor eggs in their treatment were also excluded.
During the analyzed period, more women from urban than from rural areas were included into the study. The explanation is likely complex, as access to ART treatment depends on a variety of factors, such as increasing age at marriage, marital status, education, race, and especially income [27] [28] [29] [30] .
It can be speculated that the higher average income of women living in cities could have influenced the number of participants from large cities as IVF treatment was not covered in any way by public health insurance during the time period covered by this study. The findings obtained agree with previous research that showed that the vast majority of women dealing with infertility live in cities [31] . Another study showed that access to specialist laboratory tests and specialist medical care is limited in rural areas [32] . There is also a race differences in fertility service (due to financial, language and religious factors) [33] . All the women included in the presented study were Caucasian, thus the race factor seems not to have affected the results.
Woman's age is the main independent factor influencing the IVF success rate. Previous research has shown that the age of women when they first try to conceive is related to the type of area in which they live [13] . The highest median age of women included in this study was in group inhibiting large urban areas. This could be partially explained by the fact that women living in larger cities tend to postpone starting a family due to their career goals. The results obtained for the current study are in agreement with earlier research showing that women's education level could influence their procreation decisions, including the timing of their first attempts to conceive [32] .
Despite the fact that there were significant differences in the ages of participants (women from cities were significantly older), no significant differences were found in miscarriage and clinical pregnancy rates.
The large cities group had a lower incidence of smoking (although not statistically significant) that could be explained by higher education and better access to healthcare. There are conflicting opinions with regard to smoking and its influence on IVF-ET results [34] [35] [36] [37] . In the study by Weigert [35] , patients who smoked showed a significantly lower embryo scores and produced fewer oocytes, with fewer of them being fertilized and transferred. The same results were obtained by Wdowiak et al. in rural and urban populations [34] . Opposite results were presented by Cinar et al. [35] who found no significant differences when male and/or female smoking status was analyzed for fertilization rates, transferred embryo qualities and clinical pregnancy rates.
In the current study, a significantly higher body mass index (BMI) was found in women from rural areas, compared to women living in small and large towns.
Similar to the issue of smoking, there are conflicting research resultss concerning BMI and IVF in published literature [39] [40] [41] [42] .
In the current study, it was found that the clinical pregnancy rate was similar between groups with the highest rate recorded in the group living in cities>100000. This finding is contrary to those presented by Milewski et al. [20] who found that the higher pregnancy rate was recorded for women from rural areas. Different results were presented by Carpenter et al. [35] , who showed that the incidence of infertility was greater in couples residing in urban areas, compared to populations who resided in relatively unpolluted areas.
In the current study group, primary infertility was more frequent than secondary infertility. This finding is in agreement with those presented by Sołtysiak [31] , whose study had 67% of women with primary infertility.
Analysis of fertility causes revealed that the male factor was the most frequently occurring cause in all three groups. No significant differences were found among groups, although in both small towns and rural areas there was a slightly higher percentage of couples affected by this factor. According to some research, the prevalence of the male factor as a cause of infertility has been increasing, and its higher occurrence in towns could be related to higher exposure to toxins [22, 30] . However, other published reports are to the contrary. A study of agricultural workers in Austria seeking IVF treatment, found a higher prevalence of male factor infertility, compared to non-agro controls [43] .
The second most common factor in all groups was idiopathic infertility. Tubal factor was the most common cause of infertility for women living in towns (<100,000 inhabitants), although with no significant differences among the three populations were found. The presented findings differ from those presented by Milewski where the tubal factor was more frequent in women from rural areas [20] . The authors explained that this was due to worse access to medical care and lower awareness of sexually transmitted diseases.
The second goal of this study was to compare AMH levels between groups living in different areas. To-date, the authors have not found a similar comparison of AMH concentrations among women living in different types of areas. AMH is an established marker of ovarian reserve, and is currently considered, as the best predictor of IVF success [37, 44, 45] . The current goal included only women who had AMH measurement made by the same DSL kit. No significant differences in mean AMH levels were found among the three groups.
The main limitation of this study is that it was not possible to take into account the migrations of populations, a factor that could have influenced the results. Moreover, data such as marital status, alcohol and caffeine use and income, which could have allowed for some additional interesting analysis, were also not included [30] . The strength of the study is the homogeneity of the investigated group.
In conclusion, besides age, no differences were found in IVF results between study groups living in different areas. It seems that inhabitation areas have limited impact on IVF success rates. This study should be regarded as preliminary, and further studies are needed in this field.
